Arginase (EC 3.5.3.1) catalyzes the last step of the urea cycle in the liver of ureotelic animals. Inherited deficiency of the enzyme results in argininemia, an autosomal recessive disorder characterized by hyperammonemia. To facilitate investigation of the enzyme and gene structures and to elucidate the nature of the mutation in argininemia, we isolated cDNA clones for human liver arginase. Oligo(dT)-primed and random primer human liver cDNA libraries in Xgtll were screened using isolated rat arginase cDNA as a probe. Two of the positive clones, designated XhARG6 and XhARG109, contained an overlapping cDNA sequence with an open reading frame encoding a polypeptide of 322 amino acid residues (predicted Mr, 34,732), a 5'-untranslated sequence of 56 base pairs, a 3'-untranslated sequence of423 base pairs, and a poly(A) segment. Arginase activity was detected in Escherichia coli cells transformed with the plasmid carrying XhARG6 cDNA insert. RNA gel blot analysis of human liver RNA showed a single mRNA of 1.6 kilobases. The predicted amino acid sequence of human liver arginase is 87% and 41% identical with those of the rat liver and yeast enzymes, respectively. There are several highly conserved segments among the human, rat, and yeast enzymes.
XhARG109, contained an overlapping cDNA sequence with an open reading frame encoding a polypeptide of 322 amino acid residues (predicted Mr, 34,732), a 5'-untranslated sequence of 56 base pairs, a 3'-untranslated sequence of423 base pairs, and a poly(A) segment. Arginase activity was detected in Escherichia coli cells transformed with the plasmid carrying XhARG6 cDNA insert. RNA gel blot analysis of human liver RNA showed a single mRNA of 1.6 kilobases. The predicted amino acid sequence of human liver arginase is 87% and 41% identical with those of the rat liver and yeast enzymes, respectively. There are several highly conserved segments among the human, rat, and yeast enzymes.
Arginase (EC 3.5.3.1) is an enzyme involved in the urea cycle in the liver of ureotelic animals catalyzing the conversion of arginine to urea and ornithine. Arginase has been purified from rat (1) (2) (3) , rabbit (4) , and human (5) liver and consists of three subunits (6) ofMr 35,000. Arginase activity in the rat (7) and human (8, 9) liver increases markedly in the perinatal period, in coordination with other urea cycle enzymes. The activities of arginase and of other urea cycle enzymes are regulated by dietary protein (1) and hormones (10, 11) . The arginase isozymes that differ from the liver enzyme in catalytic, molecular, and immunological properties, are present in the kidney, small intestine, and lactating mammary gland (12) (13) (14) . A deficiency in human liver arginase results in argininemia, an inherited autosomal recessive disorder accompanied by hyperammonemia. Molecular cloning of cDNA sequences should facilitate studies on the enzyme and gene structures and on hormonal and developmental regulation and aid in determining the nature of mutation in argininemia. We isolated cDNA clones for rat liver arginase and determined the size and abundance of arginase mRNA in rat tissues (15) . We now report the isolation of human liver arginase cDNAs and the complete amino acid sequence ofthe enzyme, predicted from the nucleotide sequence. The amino acid sequence is compared with sequences of the rat and yeast enzymes. ITo whom reprint requests should be addressed.
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Other Methods. Arginase activity was measured in sonicated extracts of Escherichia coli cells essentially as described (1) . Protein concentration was determined by the method of Lowry et al. (20) .
RESULTS AND DISCUSSION
Isolation of cDNA Clones. About 1.2 x 105 clones of an oligo(dT)-primed human liver cDNA library in Xgt1l and 5 x Proc. Natl. Acad. Sci. USA 84 (1987) 105 clones of a random primer library in Xgtll were screened with the 1350-bp EcoRI-Pst I fragment of the rat liver arginase cDNA plasmid pARGr-2 (15) as a probe. Twenty-one and 97 positive clones were isolated from the oligo(dT)-primed library and the random primer library, respectively. The cDNA inserts of four phage clones (designated XhARG1, 2, 3, and 6 and XhARG101, 103, 109, and 112) from each library (eight clones in total) were subcloned into a plasmid vector pUC9, and the relationship between these plasmids (the plasmid containing the XhARG6 cDNA insert was designated phARG6; other plasmids were named accordingly) was analyzed by restriction endonuclease mapping. Plasmid (phARG6) derived from the oligo(dT)-primed library and plasmid (phARG109) derived from the random primer library contained an overlapping cDNA insert of 1.4 kilobase pairs (kb) (Fig. 1 ). transformant was detected. Therefore, the extent of expression of the human arginase product appeared to be low. Nucleotide sequence analysis suggested that the product was synthesized as a fused protein consisting of the arginase subunit lacking NH2-terminal eight amino acid residues, ,-galactosidase (EC 3.2.1.23), and 17 polylinker-derived amino acid residues. A low specific activity of arginase in the transformant is at least mainly due to the low expression of the product, but may partly be due to lack of the NH2-terminal amino acid residues, extension of 83-galactosidaseand of polylinker-derived amino acid residues, incorrect thiol-disulfide structures, or other factors.
Nucleotide Sequence and Predicted Amino Acid Sequence. Fig. 1 shows the restriction maps of cDNA inserts ofphARG6 and phARG109 and sequence analysis strategy. Sequencing was performed on both strands. The determined nucleotide sequence and the predicted amino acid sequence are shown in Fig. 2 . The cDNA insert contained the 5'-untranslated sequence of 56 bp, protein coding sequence of 966 bp (322 amino acid residues), the 3'-untranslated sequence of 423 bp, and a poly(A) tract. The translation initiation site was assigned to the methionine codon ATG at nucleotide positions 1-3, because this was the first ATG triplet downstream ofthe in-frame nonsense codon TGA at positions -45 to -43, and because the predicted NH2-terminal amino acid sequence agreed well with that determined for the purified rat liver arginase ( The probe hybridized with a major RNA species of about 1.6 kb (Fig. 3) .
Sequence Comparison with Rat Liver and Yeast Arginase. Nucleotide sequence of Saccharomyces cerevisiae arginase gene CARI has been determined, and the amino acid sequence of the arginase protein (333 amino acid residues) has been predicted (21) . We isolated a nearly full-length cDNA for rat liver arginase (15) and have determined the entire amino acid sequence (S.K., Y.A., K. Murakami, F. Tokunaga, S. Iwanaga, K. Kobayashi, T. Saheki, S. Kimura, and M.M., unpublished results). The amino acid sequence of human liver arginase was compared with those of the rat liver and yeast enzymes (Fig. 4) . To increase the similarity, four gaps in the human and rat enzymes at the same positions and another gap in the human enzyme were introduced. Without counting the gaps, the sequences of the human and rat enzymes are 87% identical, and those of the human and yeast enzymes are 41% identical. Successive five to eight amino acid residues matched perfectly in four blocks among the three sequences. There are several highly homologous regions; the regions corresponding to the residues 10-36, 98-148, 164-213, and 226-258 of the human arginase are 56%, 59%, 58%, and 67% identical among the three sequences. These results suggest that the mammalian and yeast arginases have a common origin, although the enzyme is involved in the urea cycle in the liver of ureotelic animals, whereas it catalyzes the first step of arginine degradation in yeast.
Argininemia is caused by an inherited deficiency in liver arginase and is associated with hyperammonemia, various clinical symptoms due to lesions in the central nervous system, and mental retardation. The arginase cDNA will facilitate studies on molecular analysis, carrier detection, and prenatal diagnosis of this inherited disease.
Note. After submission of the manuscript, the paper by Dizikes et al. (22) that reported cloning of rat liver arginase cDNA came to our attention.
